Differences have been demonstrated in body size and reproductive periods of sympatric and allopatric populations of the isopods Sphaeroma hookeri Leach and S. rugicauda Leach. S. mgicauda is bigger and S. hookeri smaller in sympatry than in allopatry. This results partly from a divergent displacement of the life cycles of these annual isopods, and partly from a divergent displacement of the size of the molt stages. Special attention has been given to the borders between allopatr~c and sympatric populations, where isopod size IS intermed.iate between that of the neigboring populatjons.
INTRODUCTION
Sympatric species which differ only with respect to one niche dimension are often evenly spaced within that dimension (Hutchinson, 1959; Schoener, 1965) . This phenomenon has been termed 'character difference' and attributed to a minimization of interspecific competition attained by means of individual selection. From this principle, differences in characters between sympatric and allopatric populations of the same species within the guild can be deduced and illustrated (Brown and Wilson, 1956 ). This phenomenon has been termed 'character displacement' (Brown and Wilson, 1956) .
Over the last 20 years other papers have contributed some observational evidence to the theory of character displacement (Parkes, 1965; Ashmole, 1968; Ficken et al., 1968; Cody, 1969; Blair, 1974; Huey and Pianka, 1974; Nursall, 1974; Walker, 1974) , but there still exists a need for in-depth investigations providing enough material for a reliable test of the hypothesis. Grant (1975) analysed the classical case of character displacement between the two species of nuthatches (Sitta tephronota and S. neumayer) and found significant evidence for reproductive character displacement. Fenchel (1975b) and Fenchel and Kofoed (1976) , studying the very abundant species of mudsnails, Hydrobia ulvae and H. ventrosa, illustrated character displacement in relation to food exploitation.
Ideally, a n analysis of this phenomenon should include three different types of investigation: field evidence showing character displacement; experiments documenting the advantage of the displacement in terms of individual fitness; and evidence for the hereditability of the displaced characters. This paper focuses on field evidence for character displacement of body size and breeding time in two sibling species of isopods, Sphaeroma hookeri and S. rugicauda. Two following papers (Frier, in preparation) will deal with experimental studies on the ecological effects of character displacement and the hereditability of the studied characters. The two species of isopods are highly suitable for the study of character displacement. They have a very flexible life cycle, wide variation in some of the important growth parameters (Frier, 1976) , are abundant in their habitats, and easy to maintain in the laboratory. In addition much has been written about these isopods, especially with respect to population genetics, physiology, and ecology (for references; see Frier, 1978) .
MATERIALS AND METHODS
Like many other abundant littoral crustaceans, Sphaeroma hookeri and S. rugicauda are omnivorous.
Their major food source is decaying plant material and diatoms. The life cycle of these isopods, extensively described by &nne (1954), Jensen (1955) , and Harvey (1969) , includes in North European waters two annual broods, the first and most numerous at the beginning of the summer, the second in the fall. The main predation pressure on both species results from small fish.
The isopods were collected at 47 stations (each about 100 X 100 m) in 11 major areas from inner Danish waters (Fig. 1) . At each station collections were made during September in the three successive years 1975, 1976, and 1977; 200 individuals were collected at each sampling. When a station could not yield 3 X 200 individuals, the data were excluded from the analysis.
Fucus spp. and sand harbored similiar-sized isopods within each sampling station, and these were the substrates consequently used for sampling. All isopods caught were concentrated on a 375-pm sieve, which retains even the smallest individuals.
The isopods were identified according to Jensen (1955) , and their total length measured by means of an ocular micrometer. In order to identify the various female molt stages, individuals with 1,2, or 3 oostegite precursors were classified into three groups. Gravid females comprised a fourth group, and post-gravid females a fifth. Groups 1 and 2 were eventually pooled due to their great similarity.
In sympatric populations, the sizes of the two species could b e directly compared. In allopatric populations, however, where comparative size differences could b e due to location and inheritance, this is not possible. To solve this problem, a conlparative variance analysis on the size of the sympatric and allopatric populations of each species was made.
Breeding time, i. e . , the period in which the newly hatched young appear, was determined in the laboratory. Gravid females from the various stations were placed in tanks and the number of young appearing were counted at 2-day intervals. Duration of the gravidity period was recorded on 50 females of each species and then averaged. The experiment was carried out at approximately average temperature for the field stations at that time of the year (19.5 "C).
RESULTS
In areas of Sympatry, Sphaeroma hookeri is of smaller and S. rugicauda of larger average size, than i n areas of allopatry ( Figs. 1 and 2 ; Table 1 ). Based on the average isopod size at each station, the probability of I - Fig. 1 The degree of size displacement in one of the two species is hypothesized to be dependent on population size of the other species in such a way that the rarer species is displaced more. In Slien (Sl), where Sphaeroma rugicauda dominates the Sphaeroma samples from the inner part, and S. hookeri the samples from the outer part of the fjord, S. hookeri is displaced most in the inner part (being smaller) and S. rugicauda most on the outer part (being larger). In Mariager Fjord, where the inward/outward distribution of the two Sphaeroma species is reversed, this trend in their sizes is also reversed (Fig. 3) .
It is important to determine whether these size displacements result from a displacement in life cycles. Table 2 shows the average size of the recognizable molt stages, in which there is a significant size displacement regardless of the displacement in breeding time (Table 3) . Mating time (calculated from the duration of pregnancy: 35 days in Sphaeroma hookeri and 49 days in S. rugicauda, and from breeding time) is also displaced. The overlap, that is the fraction of matings occurring simultaneously in the two species of all matings, is only 2 O/O in sympatric populations, while it is 10 O/O in allopatric ones.
Both species spawn in summer and fall. Females from all populations spawn in summer, but this is not the case in fall, suggesting some general advantage in summer breeding within these species. In allopatric Sphaeroma hookeri, 25 O/O (average of 10 populations) of the females spawn in fall, but this is true of only 1 "/o in the sympatric populations. The present paper demonstrates character displacerugicauda present in each Sphaeroma sample ment in Sphaeroma species. Sympatry is correlated with changes in characters compared with allopatric ones. The functional significance and the hereditability of the characters concerned is the subject of future publications. A significant size displacement of sympatric Sphaeroma has been demonstrated. The evidence for the displacement in S. hookeri is stronger than for S. rugicauda. This is due to the greater variance between different populations of the latter species, and to the great number of S. hooken populations sampled.
In contrast to most previous studies of character displacement (see however Fenchel, 1975 ) the present study demonstrates the reproducability of the phenomenon, that is, several cases of sympatry and allopatry have been studied. This allows for a statistical evaluation of the chance that the changes found have arisen from causes unrelated to sympatry. As shown, such probability is very low and of the order 0.01 "/a. Comparison between the clines in Slien and in Mariager Fjord also provides strong evidence that the displacements found are correlated with sympatry.
In general, the difference between the major field areas is most important (Table. 1) because there is less interference from migration. In all cases, the populations occurring on borders between sympatric and allopatric areas show intermediate sizes. These gradual changes are a logical consequence of migration in these areas. Here the amount of displacement shown by a certain species is inversely correlated with its relative abundance; i. e., as the isopods approach 100 "/o abundance, they approach allopatric size.
Among the characteristics usually studied are, besides size differences, the reproductive periods (Christiansen and Fenchel, 1977) . While the former could be a secondary result of the latter, the analysis of the present data shows that both kinds of displacement have taken place independently. The finding that the species which becomes the largest in sympatry tends to reproduce earlier, and the species which becomes the smallest in sympatry tends to reproduce later is in accordance with a generalisation of Hutchinson (1959) based on sympatric species of the water bug genus Corixa, since this will r e t a i n a constant size ratio throughout t h e life cycle.
T h e present s t u d y r e s e m b l e s Fenchel's (1975a, b) s t u d y of t h e prosobranch species Hydrobia ulvae, H. ventrosa a n d H. neglecta i n that c o n g e n e r s with somew h a t displaced b u t overlapping habitat preferences h a v e b e e n studied. T h e Sphaeroma species e x a m i n e d , however, exibit smaller differences b e t w e e n habitat preferences, a n d t h e s e a r e less well understood (Frier, 1976 (Frier, , 1978 . Sphaeroma hookeri t e n d s to thrive better a t a constant and low salinity; this is in accordance w i t h t h e distributional pattern i n most areas. In Slien, however, S, rugicauda dominates t h e i n n e r a n d most brackish p a r t of t h e fjord. T h e reason for this is p e r h a p s that S. rugicauda, b e i n g c a p a b l e of g o i n g o n l a n d i n periods of anoxia, better withstands t h e very eutrophic conditions i n t h e i n n e r part of this fjord (Frier, u n p u blished) . At a n y rate, t h e actual distribution pattern a n d
t h e l a c k of obvious correlations w i t h abiotic factors suggest that interspecific interactions a r e important. Differences i n size a n d reproductive pattern m a y imply several functional a n d ecological mechanisms, viz., reproductive isolation i n t h e cases w h e r e interspecific m a t i n g is avoided i n this m a n n e r (reproductive character displacement), a n d differences i n utilization of food resources or shelters (exploitative character displacement; s e e Christiansen a n d Fenchel, 1977 ). An interpretation of t h e selective forces w h i c h actually resulted in t h e present findings is not possible on t h e basis of field e v i d e n c e a l o n e .
